Introduction: In India, approximately 20 percent of children under the age of four suffer from severe malnutrition, while half of all the children suffer from undernutrition. The contributions of knowledge and attitudes of nutrition-conscious behaviors of the mothers to childhood malnutrition has been unclear. The purpose of this study was to explore maternal knowledge of the causes of malnutrition, health-care-seeking attitudes and socioeconomic risk factors in relation to children's nutritional status in rural south India.
INTRODUCTION
In developing countries, approximately 193 million children under five years of age suffer from malnutrition [1] . Sixty percent of these children reside in South Asia, mostly in India. The National Family Health Survey in 1992-93 showed that approximately 20 percent of all Indian children under four suffer from severe malnutrition, while half (53 percent) of all the children suffered from undernutrition [2] .
a To whom all correspondence should be addressed: Joshua R. Korzenik Mother's nutrition-related knowledge, attitudes, and practices tend to be strongly associated with children's nutritional status [3] [4] [5] . However, few studies in south India have investigated people's common knowledge about childhood nutrition and nutritional deficiencies based on local belief systems [7] [8] [9] .
The health-care-seeking attitudes of mothers, how they utilize available health resouces in response to their children's illnesses, is another factor that can affect children's health and nutritional status but has been neglected by the past studies. Evidence suggests that active health-care-seeking attitudes of mothers play a critical role in children's wellbeing in developing countries [10, 11] . No studies in India have yet investigated effects of health-care-seeking attitudes of mothers on children's nutritional status.
The purpose of this study was to examine the relationship between children's nutritional status and mothers' knowledge of the cause of childhood malnutrition, their attitudes toward resources available to improve their children's condition and their socio-economic backgrounds. A specific aim of the study was to provide information to guide anticipated programs and research designed to decrease malnutrition in Kaniyambadi block, Tamil Nadu, India.
MATERIALS AND METHODS
The hypothesis was that the following factors would be associated with children's nutritional status (normal weight-for-age vs. < 60 percent of median weight-for-age): (1) socioeconomic status, gender of the child, family size and type (nuclear or extended), and maternal education; (2) mother's knowledge of the causes of malnutrition; and (3) mother's health-care-seeking attitudes. Both subjects and the field worker who conducted the interviews were blind to the study purposes.
Setting
An observational case-control study was conducted in a small area in the north of Tamil Nadu, India, between June 
Data collection
The study focused on the following data: (1) sociodemographic information on the family size and type (nuclear or extended), number, age and gender of children in the household, mother's age, education and occupation, father's occupation, household income and ownership of land and livestock; (2) knowledge of the causes of severe malnutrition; and (3) health-care-seeking attitudes for common childhood illnesses, including malnutrition.
Part (1) was adapted from the Socio-Economic Scale and Guidelines for Filling Up the General Survey Proforma developed by the Community Helath Department [13, 14] . Part (2) employed interview methods used by Sivaramakrishnan and Patel [9] . Questions for Part (3) were adapted from the Rapid Assessment Procedures for Nutrition and Primary Health Care developed by Scrimshaw and Hurtado [11] .
To assess the knowledge of malnutrition, a field worker showed pictures of children with symptoms of two types of protein-energy malnutrition: severe marasmus [15, 16] and mild marasmus-kwashiorkor mixed malnutrition [16] . First, the field worker asked the mothers about the symptoms in each picture. If mothers could not correctly identify all the essential symptoms (e.g., enlarged stomach, wasting, and swelling), the field worker verbally told them the symptoms. Then, the mothers were asked to explain what they believed caused these symptoms. Their answers were grouped into three categories: nutrition-related, health-related and non-relevant. If 
Gender, occupation and nutritional status
The finding of the present study about gender inequalities in nutritional status is congruent with the existing literature. A preference for sons over daughters has existed for centuries in India. Family and social pressure is placed on mothers to bear sons, in order to maintain the economic strength of the family. Traditionally, sons remain in the family and take care of the parents while daughters marry and start their own family. Daughters [22] . Social discrimination against female children, particularly in South Asia, has been repeatedly documented to have a strong impact on child nutrition [23] . For example, a survey done by Gupta [24] found that Indian mothers selectively fed male children better than female children. More female children suffered from protein energy malnutrition, especially those with mothers in traditional communities. A study of a rural Punjabi village examined milk supply in relation to gender within families and found that little milk was given to female children in families where mothers-in-law control the milk supply [25] .
Contradictory results were found in other studies conducted in India, Nepal, Sri Lanka and Bangladesh as no gender differences were found. Recently, Basu [26] , after reviewing field data and the existing literature, concluded that gender discrimination in food allocation between boys and girls did not exist in South Asia.
However, in the state of Tamil Nadu, gender differences do appear to exist in children's nutritional status. The National Family Health Survey conducted in 1992 found that half (49 percent) of all girls under four in Tamil Nadu were malnourished, whereas only 43 percent of the boys had the same level of malnutrition. The results from this study confirm that, in Kaniyambadi block, female gender is a risk factor for malnutrition. As in other parts of India, families' strong preference for sons endangers the health and survival of female children.
A correlation between the household income and the children's nutritional status was not found in this study. This finding is contradictory to an existing theory that malnutrition is largely due to poverty [27, 28] . A possible source of this contradiction is an inaccurate assessment of the household income. Household earnings reported by the mothers may not have been an accurate assessment of the actual income, income spent on food, or food allocation in the family.
For example, even if a husband earned a sufficient income for the family, he may choose to spend it on things other than food for the family. Thus, asking how many rupees mothers have control over would have been a better question in assessing the real availability of the income to the family members. An expenditure on nutrition, rather than income, might have measured poverty more accurately [29] . Future studies should use other measures such as occupation and land ownership to assess the socioeconomic status.
Knowledge of the causes of malnutrition and nutritional status The knowledge of the nutrition-related cause of mild marasmus-kwashiorkor mixed malnutrition significantly differed between cases and controls. The mothers who could identify the cause of mixed malnutrition as lack of nutrition were more likely to have wellnourished children. This supports the findings from other studies. Other studies that determined relationships between maternal nutrition-related knowledge, attitudes and practices using yes or no answers generally showed an association between the knowledge and children's nutritional status [3] [4] [5] .
However, for severe marasmus, this knowledge did not differ between two groups. There could be several explanations. First, since mild mixed malnutrition is more common than severe marasmus, the mothers may attribute the cause of mild malnutrition to a variety of factors related to certain folk beliefs. When the disease is thought as Udhukamalai, which is a local term for kwashiorkor, people tend not to associate the disease to lack of food [8] . Also, the case mothers might have acquired their knowledge of marasmus from the nutritional education prior to the interview. Some of the case mothers have already gone through the nutritional education at CHAD Hospital, and the present study did not take their prior knowledge into consideration. The study also found a large variance within, rather than between, the knowledge of the cases and controls. For example, some cases could confidently provide insightful answers about nutrition, while others repeatedly replied "I don't know." Moreover, having knowledge of malnutrition does not necessary mean that the person will put the knowledge into practice, especially if the knowledge is still new and foreign to them. The case mothers who recently received the nutritional education may be aware that the lack of food can cause severe malnutrition, yet may not realize that it can also cause mild malnutrition, or they may not be able to apply the concept to her own feeding practice. Thus, it is important for a nutritional education program to provide the information continuously in a coherent manner, to review, and to test knowledge periodically. It would be useful for future researches to examine recipients and non-recipients of nutritional education and compare their nutrition-related knowledge, attitudes and practices. Comparison of Kaniyambadi block to other areas in Tamil Nadu
The current study exhibited that the majority of mothers in Kaniyambadi block had an adequate knowledge of malnutrition. This elevated level of knowledge is most likely to be due to the long-term intervention of CHAD. The health indicators from Kaniyambadi block and outside clearly suggests that this small rural area is superior in terms of infant mortality, immunization coverage, and nutritional status [30, 31] .
Extrapolation of these findings to areas outside Kaniyambadi is therefore difficult. The only data available for comparison are the results from a similar study done in Madurai district in southern Tamil Nadu, by Sivaramakrishnan and Patel [9] . In the present study, the concepts of causes were mainly related to nutrition and health. In the Madurai study, the investigators found maternal beliefs in traditional folk concepts related to malnutrition. Nearly half of the subjects had a folk belief of childhood malnutrition: they believed that therai, a toad, or its shadow touching the pregnant mother caused subsequent severe malnutrition to her child. For treatment, the local mothers suggested tying a live toad on the neck of the malnourished child. No such traditional concept was expressed in the present study, though traditional concepts regarding malnutrition and its treatment do exist among villagers in Kaniyambadi block [32] . It is possible that the current study's small sample size was not enough to detect such traditional concepts. The investigator's inability to understand the local language might have limited understanding the underlying implications of the answers as well. Moreover, the field worker's blindness to the study purposes may have hindered the finding of traditional conceptsc. Nevertheless, the present study supports the notion that more mothers in Kaniyambadi block have an accurate knowledge of malnutrition than the outside areas, combined with better attitudes and practices with fewer traditional concepts.
Preference of health resources for common childhood illnesses
The investigation of maternal health-care-seeking attitudes revealed that mothers change their preference for health care resources depending on their child's disease. For diarrhea, cold and worms, the mothers prefer seeing a health care professional, such as private doctors, a mobile health van or CHAD Hospital.
For treating malnutrition, however, most of the mothers prefer to treat the child at home. The finding that both cases and controls equally chose home remedy as the treatment of malnutrition may suggest a population-based perception that malnutrition is not a serious disease that requires medical care. This could be from a widespread undernutrition in the population. In Kaniyambadi block, approximately 35 percent of children under three are undernourished [30] . A mother may feel that it is normal for her child to be slightly malnourished, and thus may not feel the need to seek medical care. She may not be aware of nutritional needs for healthy growth or complications resulting from infectious and diarrheal diseases interacting with chronic undernutrition. Conversely, a mother may not seek medical care because she feels competent to treat malnutrition. This may give her a false sense of security. Thus, it is important for nutritional education programs to convey accurate information about dangers of malnutrition, its prevention and treatment methods that can be carried out at home.
With measles, 90 percent of all the mothers answered that they would not take the child to a doctor. Instead, they preferred to care for their children at home. This practice came from a traditional belief that a child contracting measles is a sign of a goddess, Amman, expressing her anger to the family [33, 34] . In rural villages, people often believe that the only cure for the disease is to please the goddess by giving her offerings. In places where this traditional belief is commonly practiced, people tend not to feed or care for the sick child. The families avoid taking the child to a doctor in fear of making the goddess more angry.
This traditional concept can be highly perilous in most poor rural communities. Fortunately, in Kaniyambadi block, the measles immunization coverage is approximately 98 percent [30] . Thus, children in Kaniyambadi block do not have a significant risk of contracting measles. However, this traditional concept would be highly problematic in any community where immunization coverage is not as extensive as Kaniyambadi block. The government's and private sector's continuous effort in maximizing the immunization coverage and providing a sound health education at the same time is absolutely necessary.
Another important finding about the health-care-seeking attitudes was that the mothers took active roles in finding the best treatment for their children. Except for measles and malnutrition, mothers were fully willing to take the children to various outside health resources such as private doctors, the CHAD Hospital and the Mobile Health Clinic. The c Villagers use several different terms to describe diarrhea, depending on the causes of diarrhea. One type of diarrhea, dosham, is a diarrhea that is caused by being in a shadow of a woman who had an induced abortion. The investigator noticed that at least one mother answered "dosham" for one of the causes of malnutrition. However, the field worker transcribed all types of diarrhea as "diarrhea"in English, and the investigator, when analyzing the data, could not distinguish different types of diarrhea. overall active and positive health-care-seeking attitudes was a plus for improving the health of the family and redeeming to the health of the community.
CONCLUSION
The results showed that gender of the child, father's occupation and knowledge of nutrition-related cause of mild mixed malnutrition were more significant risk factors for malnutrition than health care availability and health-care-seeking attitudes. The study suggests that it is important for any nutritional intervention programs to incorporate social components into medical practices. Since girls are much more disadvantaged than boys, CHAD's continued emphasis on the health of women and their female children is essential.
